The extended Wannier model describes the propagation of two-electron wave packet along the Wannier ridge from the reaction zone (where it is formed by (y, 2e) or (e, 2e) process) to the zone of free electron motion. The angular correlation patterns are calculated and analyzed for lSe and IPo states of the two-electron continuum.
Introduction
The experimental measurements of the angular electron distributions for (e, 2e) and (y, 2e) processes are feasible now in the near threshold region [I-31 where the well known Wannier [4] mechanism of the double electron escape is supposed to be dominant. For the theoretical description of the electron angular correlations we have proposed recently the extended Wannier ridge model described in detail elsewhere [5] . Below we outline its principal physical features.
(1) The two electron escape along the Wannier ridge rl= r2 is considered and the electron angular variables are separated from the radial variables rl, r2 (or, equivalently, from the hyperspherical radius R = (r12+ r22) and the hyperangle ah = atan(rlIr2). Here rl and r;? are the electron radius-vectors relative to the atomic nucleus.
(2) The quadratic expansion of the Hamiltonian near the point 012 = x is not employed in contradistinction to the standard [4, 61 Wannier approximation (012 is the angle between the vectors rland 1-2). Thus the model is applicable for all values of 012.
(3)
The motion along R is treated in the semiclassical approximation that leads to the replacement of the second order derivative over R by the first order derivative in the Schrodinger equation.This allows us to recast the problem in the form of the non-stationary Schrodinger equation with the effective time variable t simply related with R. (4) The states of two-electron continuum with various fixed values of the total orbital momentum L are considered. Two cases are particularly important: (i) 1Se-state (L = 0) which is the simplest feasible case and can be populated, e.g., by (e, 2e) process; (ii) 1Po state (L = 1) which is the only state populated from the initial 1Se-state (e.g., from the ground state of the helium atom) by the double photoionization process (y, 2e).
(5) The realistic boundary (or initial -in terms of the effective time t) conditions are formulated for the wave function at the border of the inner (reaction) zone R = Rg (or t = to). (6) The propagation of the wave packet from Ro (or to) via the Coulomb zone to the domain of free electron motion is calculated numerically using the grid (Cranck-Nicholson) method.
The Sections 2 -3 contain new results of our calculations within the extended Wannier model. We consider the time (or R) evolution of the 012-correlation pattern for various parameters of the system. The special attention is devoted to the integral characteristic of the angular distributions -the angular asymmetry parameter P. (it can be easily integrated analytically). Here E is the energy excess above the double ionization threshold.
S-states of two-electron continuum are populated for instance in the (e, 2e) process. The shape of the angular distribution was considered for this case by Rau [7] and Feagin [8] without specification of the boundary condition at R = Q. The present authors have shown that in fact these results imply the assumption of some special boundary condition (zero-mode population for the oscillator describing motion over e12 coordinate, for the details see Refs. [9, 101) . In the present context we note that this boundary condition corresponds to the maximum for 812 = n in the initial angular distribution at R =
Ro.
Here we consider the opposite situation when initially (i.e. at R = Rg) the distribution over 812 is uniform: 0(012 , Q) = 1 (note that the normalization constant can be chosen arbitrarily for our purposes). As discussed above, the conventional Wannier model [6] is based on the quadratic approximation for the Hamiltonian over the variable (n -012). In this approximation the uniform distribution always (i.e. or all R) remains uniform (this result follows straightforwardly from the general formula (14) of Ref.
[lo]). However the quadratic approxi-mation clearly breaks down in this case (since the large values of (n -812) are involved). Thus all results in this section demonstrate the ability of the extended Wannier model to reproduce the angular correlations completely omitted in the conventional quadratic model. Fig.1 . Evolution of the probability distribution over the correlation angle I@(812, R)12 as the electrons recede from the nucleus of the helium atom (Z = 2) (i.e. as the hyperradius R increases). The electrons are in 1Se continuum state, the initial distribution is uniform: @(012, Ro) = 1; Ro = 2%. The energy excess above the double ionisation threshold is E = 0.2 eV. Note the logarithmic scale over R.
The fig.l shows how the profile of the relative angular distribution evolves when R increases (Z = 2, E = 0.2 eV). The distribution is completely uniform at R = Q= 2a0. The formation of the peak is basically completed at R = 104 q, although some residual evolution could be traced up to R = 106 ag .
The interval of R essential for the profile formation increases as the energy excess E decreases (see also below). The peak is centered at 812= n in distinction to the PO states of two-electron continuum where the peak is 'repelled' from the edge 8 l2= due to the effective centrifugal barrier (see Ref. [5] and the next section).
The situation for Z = 4 is of some principle interest since Rau [7] had predicted the absence of the angular correlations for Z > 2, (i.e. the uniform distributions over 812) independent of the boundary condition. The fig.2 clearly shows that this prediction is completely invalid even in the case of the uniform initial condition. The well manifested angular correlations exist although they look more complicated than a bell-like (or a Gaussian-like) pattern on the fig. 1 . The evolution of the profile w i t h R exhibits some modulations ('wavelets'). Theirs traces persist in the final pattern. Note slight increase in the correlation function as 912 deviates from x for the larger R. for 1Se qnd 1Po states of two-electron continuum (Z = 2). Nope that the peak is centered at Q12 = n:
for 1Se-states and shifted to the smaller 012 for 1Po-states. The boundary conditions are specified in the text.
As some overall characteristic of the distribution one can consider the full width at half maximum 8112. Fig.5 shows that for the situation considered in the present section this parameter varies with E non-monotonically .
Angular asymmetry parameter for PO -states.
For the double photoionization into the I@ continuum the angular distributions are described by the wave function @+11(812, t) which is analogous to @(812, t) in the section 2. Within Here we consider in more detail the integral characteristic of the angular distribution -the angular asymmetry parameter P defined as 1 "
< cos Ol2 >=-J(@+1l(q2)r cos el, sin el, dol, Here we discuss the variation of p with the parameters of the system. It could be checked directly that
for the boundary condition (3.1) one has P(R0) = 1. Fig.6 shows how P(R) evolves with R increasing, changing its sign and approaching quite slowly its limit as R-F. Thefinal asymmetry P is shown on fig.7 as a function of the excess energy E. The limit P+ -1 as E + 0 was established by Greene and Rau [12, 131 . However these authors were unable to trace how this limit is reached with variation of E. This makes the result quite formal concerning its comparison with the experimental data. Our calculations show that the stated limit is reached quite slowly as E + 0. Additionally the novel important physical feature is revealed: the substantial dependence of P on the value of the hyperradius Rf where the wave packet propagation is terminated (compare the results for various Rf on the fig.7 and in the table 1). The range of integration necessary to achieve the 'theoretical value' p (R+w ) increases drastically when the excess energy E decreases. In a real experimental situation the effective value of Rf is determined by such factors as the density of atoms in the device and the presence of the stray electric fields in it. As R increases, the potential of the electron-electron interaction becomes smaller than the aforementioned additional interactions.(The realistic experiments imply also that the final energies of the electrons are fixed (usually the condition of the equal sharing of the energy E between the electrons is assumed). The precision with which this condition is controlled introduces an additional characteristic energy parameter in the problem.) The propagation of the wave packet beyond this distance is physically senseless.
JOURNAL D E PHYSIQUE IV
The accurate analyses of the mentioned factors poses a serious problem which is beyound the scope of the present paper. However we would like to stress here the general conclusion of principle importance: Any statement of the theory which is not valid for a reasonable value of Rf hardly could be observed in the experiment.. Note that the similar situation was revealed by the authors [14] for the energy dependence of the double electron escape cross sections.
The vital condition for the applicability of the Wannier theory is that its result should exhibit only weak a dependence on the position of the border R = Rg where the boundary condition is imposed. This point was also never studied before. The situation for the extended Wannier model is characterized by table 1 where we show how the choice of Ro influences the final asymmetry parameter P. The general conclusion is that some dependence on Rg persists, but it seems to be tolerable for a reasonable choice of 
Conclusion .
The results presented above demonstrate the capacity of the extended Wannier model. In the forthcoming publications it will be applied to the calculation of the triple differential cross sections and comparison with experiment 
